ABSTRACT Dose-dependency in theophylline pharmacokinetics and protein binding characteristics was examined in 10 healthy male volunteers. Theophylline disposition was determined after an intravenous infusion of both 1 mg/kg and 6 mg/kg aminophylline in a randomised crossover study. There was considerable intrasubject variability in theophylline clearance but no significant dose-dependency. Theophylline protein binding was assessed by equilibrium dialysis at varying theophylline concentrations. The percentage of free non-protein bound theophylline was significantly increased at high theophylline concentrations. This increase in free theophylline would lead to a non-linear increase in the risk of toxicity with increasing drug concentration.
Theophylline clearance has been assumed to follow first-order kinetics on the basis of close visual correspondence to logarithmic decay.l This premise has, however, been questioned because of alinearity of the relationship between theophylline dose and serum theophylline concentration; fractional increases of a large theophylline dose produce greater fractional increments in serum theophylline than do fractional increments of a small dose.2 3 Other evidence against theophylline clearance behaving according to first-order kinetics include failure of serum theophylline concentrations to decline exponentially after a dose of the drug4-6 and differences in theophylline clearance depending on steady state values of serum theophylline. 7 Several other drugs such as phenytoint and salicylates9 follow dose-dependent or zeroorder kinetics, and if the same phenomena exist in theophylline kinetics this would be clinically relevant in a drug with a relatively narrow therapeutic range, the dosage of which often has to be varied for optimal therapy. Theophylline has been shown to have variable protein-binding characteristics dependent upon subject age,'0 disease," and pH. ' The results of the pharmacokinetics data are displayed in the table. Infusion of 6 mg/kg body weight aminophylline produced a mean theophylline concentration range from 14-1 jug/ml to ,ug/ml and of 1 mg/kg body weight aminophylline a mean theophylline concentration range of [2] [3] [4] [5] [6] [7] [8] [9] ,ug/ml to 0-7 ,ug/ml during the nine-hour study.
Serum half-life and apparent volume of distribution tended to increase and body clearance decrease with the higher theophylline dose (fig 1) . None of these changes attained statistical significance.
Total protein concentration ranged from 6-8-7.4 g/100 ml and albumin concentration ranged from 4-2-47 g/100 ml in our subjects. There is a trend for less theophylline to be protein bound with increasing theophylline concentration. This is significant between 1.5 ,ug/ml and 45 ,ug/ml (p<0(01) and between 15 ,g/ml and 45 jug/ml (p<0 05).
Discussion
The majority of drugs are eliminated as a firstorder process. The characteristic of a first-order process is that during the equilibrium phase the half-life of the drug is the same regardless of which point on the serum concentration curve is chosen as the starting point for the measurement. In addition, Weinberger et at7 studied children whereas we studied adults, and it has been shown8 that other drugs such as salicylates demonstrate dose-dependent kinetics at lower drug concentrations in children than in adults.
Two of our subjects (DB and PG) had marked decreases in theophylline clearance with the higher dose theophylline infusion. It is possible that dose-dependent kinetics exist and the theophylline concentration at which the transition from first-order to dose-dependent kinetics occurs varies between individuals. However a more likely explanation is that these decreases are caused by the known random intrasubject variability of theophylline clearance. ' 
